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ABSTRACT : 

CHG DATE=19990617 STATUS=0> An impeller -driven turbomachinery for use in 
centrifugal and mixed flow pump overcomes operational difficulties, such as 
flow separation and generation of surge at low flow rates, often encountered in 
similar machines of the conventional design. The turbomachinery is provided 
with variable -angle inlet guide vane and variable- angle diffuser vanes, and the 
diffuser section is constructed according to a fluid dynamic principle, and the 
vanes having a wing shape are distributed tangent ially so that the diffuser 
section acts as a centrifugal diffuser. A convenient operational parameter, 
chosen from such variables as input current to drive motor, rotational speed or 
torque of the drive motor, inlet/exit pressures, and fluid velocity, is 
monitored during the operation by means of sensors strategically attached to 
parts of the operating system. Real time changes in the operating parameter is 
measured and the setting angle of the inlet guide vane is adjusted in 
accordance with a predetermined relation between inlet flow volume rates and 
flow angle of the fluid exiting from the impeller so as to maintain the 
fluctuations in the monitored operating parameter below a threshold value. If 
the targeted head value is not produced under this adjustment, the setting 
angle of the diffuser vanes can also be adjusted based on real time 
measurements of other operational parameters. If this adjustment fails to 
produce the targeted head value, then the rotational speed of the impeller can 
be adjusted to operate the system while avoiding surge and other problems 
encountered at flow rates. The proposed turbomachinery and method of 
operations are highly cost-effective because the control methodology is based 
on theoretical analysis of the flow pattern which is verified by trials, and it 
is not necessary to determine the operating characteristics of each production 
lot of fluid machines, thus saving the cost of software development for 
different machines . <IMAGE> 



06/17/2004, EAST Version: 1.4.1 



(19) 




(12) 



EuropSisches Patentamt 
European Patent Office 
Office europtoides brevets (11) EP 0 761 981 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

12.03.1997 Bulletin 1997/11 

(21) Application nunt>er:96114m9 

(22) Date of fOing: 09.09.1996 



(51) Int a F04D 29/46. F04D 27/02 



(84) Designated Contracting States: 


(72) Inventors: 


CHDEFRGBITUNL SE 


• Harada, HideomI 




FuJ!sawa-sh!, !^nag3v»-ken 251 (JP) 


(30) Priority: 08.09.1995 JP 256717/95 


• Nisftiwald, Shunro 


08.09.1995 JP 256718/95 


Yokofiama-sfil, Kanagawa-ken, 241 (JP) 


08.09.1995 JP 256719/95 


• Takei, Kazuo 


08.09.1995 JP 256720/95 


Yokohama-Shi, Kanagawa-ken 246 (JP) 


(71) /VpplicantEBARA CORPORATION 


(74) Representative: Wagner, Karl H., Dipl.-lng. et al 


Ohta-ku, Tokyo (JP) 


WAGNER & GEYER 




Patentanwaite 




GeHrurzmuhlstrasse 5 




80538 Munchen (DE) 



CM 
< 

00 

o> 

CD 
1^ 



0. 



(54) Turtxmachinery with variable-angle flow guicfing vanes 



(57) An impeller-driven turtx>machinery for use In 
centrifugal and mixed flow pump ov^comes operational 
difficulties, such as flew separation and generation of 
surge at low flow rates, often encountered in similar 
machines off the conventional design. The turtx)machin- 
ery is provided with variable-angle inlet guide vane and 
variable-anglle diffuser vanes, and the diffuser section is 
constructed aocorcBng to a fluid dynamic principle, and 
the vanes having a wing shape are distrbuted tangen- 
tially so that the diffuser section acts as a centrifugal (fif- 
fuser. A convenient operational parameter, cfiosen from 
such variat)les as Input cunrent to drive motor, rotational 
speed or torque of the drive motor, inlet/exit pressures, 
and fluid velocity, is monitored during the operation t>y 
means of sensors strategically attached to parts of the 
operating system. Real time cfianges in the operating 
parameter is measured and the setting angle of the inlet 
guide vane is adjusted in accordance with a pred^er- 
mined relation t>etween inlet flow volume rates and f k>w 
ar^le of the fluid exiting from the irrpeller so as to main- 
tain the fluctuations in the monitored operating parame- 
ter bekMi a threshokJ value If the targeted head value is 
not produced under this adjustment the setting angle of 
the diffuser vanes can also be adjusted based on real 
time measurements of other operational parameters. If 
this adjustment fails to produce the targeted head value, 
then the rotational speed of the impeOer can be adjusted 
to operate the system while avoicfing surge and other 
problems encountered at flow rates. The proposed tur- 
bomachinery and method of operations are highly cost- 
effective t>ecause ttie control methodology is based on 



theoretical analysis of the flew pattern which is verified 
by trials, and it is not necessary to determine the oper- 
ating characteristics of each production lot of fluid 
machines, thus saving the cost of software devetopment 
for different machines. 
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Description 

BACKGROUND OF THE INVEf^ON 
5 Reld of the Invention: 

The present invention relates in general to a tuitx>machinery of a centrifugal or mixed flow type for use in fluid 
pumps, gaseous blowers and compressors, and relates in particular to a turtx>machinery having inlet guide vanes and 
diffuser wes. 

10 

Desoplion of the Related Art 

When a centrifugal or mixed f iow punp is operated below the design flow rate of the punp, flow separation occurs 
in the impeller, cfiffusers and other components in the pump^ thus lowering the operating efficiency of the pump to a 
IS value below its design efficiency. To overcome such problems, it has been a practice to provide variable-angle inlet 
guide vanes and diffu^ guide vanes to ad^usX the vanes to suit the fluid flow pattern. 

Typical examples of prior art references are: Japanese Patent Publication. H4-18158: Japanese Patent Put}lication. 
H4-18159; Japanese Laid-open Patent Publication. S63-239398; Japanese Laid-open Patent Publication. S63-230999; 
Japanese Laid-open Patent Publication, S55-107097. 
20 In the akxjve-mentioned method, controlling of the tuitxxnachinery was conducted basically to adjust the diffuser 
vanes with the flow direction at the exit of the inpeller for improving the performance and espedally for avoiding the 
instability pherK>menon at a low flow rate region. This was commonly acknowledged for a turfoomachinery havir^ dif- 
fuser vanes of conventional size and configuration. 

However, the inventors have developed a novel cfiffuser vanes having novel configuration, and found that, at a 
25 higher flow rate region than a design flow rate, a higher perfomnance of the turtx>machinery is obtainable k>y using a 
novel control mettKxl different from the converrtional one. 

Further, in the converrtional art descrit)ed atx]ve, to control the angle of the diffuser vanes to suit an operating con- 
dition of the pump, it is necessary t>eforeharKJ to accurately estimate the flow pattem from the impeller. Furtfiermore. 
for those pumps fiaving inlet guide vanes, every time the setting angle of the guide vane is adjusted, the flow pattem of 
30 the fluid from the inpell er changes for each setting angle of the guide vanes. It follows tfieretore that it is necessary to 
know beforehand, the performance characteristics of the pump for each s^'ng angle of the guide vane. 

In the conventional technologies mentioned atxyve. it is necessary to perform tests for each angle of the inlet guide 
vane, by assignirrg a certain setting angle to the diffuser vanes and operate the purrp on the basis of the experimentally 
obtained data. This approach presented a problem that the control technique is conrplex. arxj required an expenditure 
35 of high capital cost for the equipment as well as for the devetopment of control programs. Additional prdbt&n is that it 
takes much time until a system is operated automatically at their optimum s^ng angles for the vanes. 

A method for calculating the flow angle from the impeller exit is disclosed in a Japanese Laid-open Patent Publica- 
tion. H4-81598, but this metfiod involves several defects such that it includes several assumptions regarding the flow 
angle, that, t>ecause the flow pattem is cfistorted at the impeller exit in general, the calculation of f fow angle based on 
40 the static pressure on the wall surface Is questionable, and that, in the re^on of a flow instatxlity, the precision of the 
conputed results is also questionable. 

There is a method in which pressure holes are provided on the diffuser vanes to measure the pressure so as to 
compute the direction of the f tow from the impeller exit, as discfosed for example in a Japanese Laid-open Patent FxAy 
lication. S57-56699, txjt this metiiod is unsuitable for cfiffusers having thiin vanes, and additional cost of fakxication of 
45 the holes is high. 

A technique for measuring the wall pressure on the pressure side and suction side of the diffuser vanes has been 
disclosed in a Japanese Laid-open Patent Publication. S62-51 794, but because the hole is provkied on the wall surface 
of the diffuser. changes in the relative focation of the holes, when the diffuser vanes are rotated, made it impossible to 
measure the pressure when a pressure hole becomes hidden t>y the diffuser vanes. 

50 Furthermore, when the setting angles of the inlet guide vanes and diffuser vanes are adjusted, the pump perform- 
ance can be altered sign^k^antly; therefore, unless the ftew angle from the impeller is already krxiwn, it has been nec- 
essary to perform detailed performance tests for each setting angle of the gukJe vanes, and to determine the setting 
anglesfor the gukje vanes and diffi^er vanes based on these test results. 

To control the punp automatk;ally using the above method, it has been necessary to change the setting angles at 

55 least three times for testing (see for example, a Japanese Patent Publk:ation. H4-18158. and a Japanese Patent Put)li- 
cation. H4-1 8159) to assess the characteristics of the pump in a particular operating situation, before the setting angle 
of the guide vanes arxl diffuser vanes can be selected. This methodotogy is time-consuming, and in particular, the 
method is unsuitable when it is necessary to deckle the changes instantaneously, whnh wouU be the situation near a 
surge point 
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The control methodology is even more c&ff tcutt if the rotational speed of the purrp Is to t>e adjusted. Such an 
approach requires an advanced control facility, and the equipment and control programs becomes expensive 

A method to determine the angle of the diffuser vane from measurements of pressures existing at pressure holes 
fabricated on the surface of the diffuser vanes is cfisdosed in a Japanese Patent Publication, S57-56699. but the flow 
5 pattern of the flow from the innpeOer exit changes greatly in the width direction of the difhser vanes depencSng on the 
operating condition of the pump^ and therefore, if the measurements are taken only at the pressure holes located in the 
center region of the diffuser vanes, the deduced flow angles tended to be highly erroneous. 

Further, because the pressure holes are located on tf^ surface of the (fiffuser vanes, the total pressure is meas- 
ured unexpectedly, and. in case of the machine handfing high speed flow, the pressue level is generally larger than the 
70 static pressure; then, it is necessary to provide a high-range pressure gages, and therefore the precision of measured 
data is inadequate. Also; this method is not suitable for vanes having thin vane thickness, and the cost is high. 

SUMMARY OF THE INVENTION 

75 It is an ot)ject of the present invention to provide a turtxxnachinery having inlet guide vanes which can provide a 
high performance operation in tfie region of stable operation at flow rates equal to or higher ttian the design f fow rate, 
arxJ a stable operation t)y avoiding a pherromenon of instability which occurs when a conventional tuitx>macNnery at 
f kyw rates lower than the design f tow rate, by controlling the setting angle of the diffuser vanes so as to exfiit>it the max- 
inrum capable performance of a fluid handling system operated over a wide range of f tow rates. 

20 The present invention is directed to a tuitxxnachinery with variable^angle f tow gincfing devtoe comprising: an impel- 
ler; variable^angle diffuser vanes; a drive control means for maintaining said diffuser vanes at a setting angle which is 
oblique by a selected attack angle to an exit f tow angle at ttte exit of said impeller. 

The basic idea which led to the present invention wiD be explained in some detail in the following with reference to 
Rgure 1 , whtoh shows the flow conditions at the exit sectton of the impeller 2. The directions of tfie f tow from the impeller 

25 2 exit are shown by arrows as a (design ftow rate); b Qcwflow rate); and c (high flow rate). As seen clearly in tfiis illus- 
tration, at ftow rates other than the design ftow rate, flow separation takes place, because the angle of attack of the flow 
becomes excessive in the pressure side of the diffuser vane 4 at high flow rates wfvle it becomes excessive in the suc- 
tion side of the diffuser vane 4 at tow flow rates. This situation produces the condition shown in Figure 2A (shewn by the 
non-dimensional inlet ftow volume rate aixt the non-dimensional diffuser loss ) such tfiat the diffuser loss increases. The 

30 result is that the overall performance of the conpressor system beconries tow as shewn Rgure 2B (shown by the cor- 
relation between the non-dimenstonal ftow rale and non-dimensional efficiency) at both higher and lower ftow rates than 
the desi^ ftow rate. 

In the present invention, the diffuser vanes are designed witii comparatively small chord/pitch ratio given by a ratio 
of tiie vane chord length to the vane pitch. The operation of the vanes of the present invention is k>ased totally on a dif- 

35 ferent principle tfian that goveming the operation of the conventional diffusers. In the conventional diffuser vanes, the 
fluid potti are formed by the spaces between the vanes, and the pressure increase is produced by a velocity decrease 
t)rought about by widening off the fluid path t)etween the inlet and exit sections. However, the diffuser vanes used in the 
present invention are spaced apart more widely, and ttie fluid patiis are not formed by the spaces between the vanes. 
The prindple of static pressure increase is k>ased on the circulation €ut>und the wing. This is explained in detail in the 

40 following. 

The drculalton around a vane placed in a fluid flow can be expressed as foitows: 

r = (Cui-Cu2)t (1) 

45 where Cu is the tangential velocity component of the diffuser vane; t is the vane pitch; subscript 1 refers to the 

diffuser inlet; and subscript 2 refers to the diffuser exit. 
The static pressure at the diffuser exit is given by: 

^ PS2 = p(CUi2-CU2^)/2+PSi (2) 

= p (Cui -Cug) • (Cui +Cu2)/2+PSi 

= pr(Ckii +(5u2)/2t+Psi 



55 where p is the density of the fluid. 

The circulation can also be expressed as lollows: 



r=Ly(W-p) (3) 
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where L is the Gft of a vane, and W is the vane upflow velocityL 
The Ofl acting on the vane can be expressed as follcwvs: 

r = CL • I • p • (4) 

5 

where CLte the Gft coefficient of the vane, and I is the vane length. 
It follows therefore that. 

r = CL • I • W/2 (5) 

10 

indicating that the magnitude of the circulation is proportional to the lift coefficient 
In general, the pertomnance of a wing or vane is dependent on the angle of attack, and the greater the angle of 
attack the greater the lifting force; however, when the angle of attack becomes excessive, f Icmv separation occurs at the 
suction side of the wing, resulting in a loss of fluid. The relationship between the lift and the angle of attack is deter- 
15 mined t>y wind tunnel experiments and tfie Hke. 

TTie diffuser of tfie present invention has been cortstructed according to such a fluid dynamic prindple. and the 
vanes having an airfofl shape are disposed peripheraUy so that the cfiffuser section acts as a cfiffuser. It can be seen 
from equation (2) that the pressure at the cfiffuser exit is dependent on the drculation around tiie vane, and that the cir- 
culation is proportional to the lift coefficient of the vane from equation (5). Therefore, to increase the pressure at the dif- 
20 fuser exit ttie angle of attack of the vanes should be increased as much as po6Sil3le 
so as to maintain a high lift coefficient 

The first step in the control of tiie diffuser vane angle is to obtain the flow direction a of the flow from the impeller 
exit Thea a s^ng angle for the maximum performance of the vanes is determined by obtaining an angle of attack p 
at which lift coefficient becomes equal to a maximum lift coefficient multiplied by some rate, and adding the angle of 
25 attack p to a ftow angle a from the inripeller exit. The differerioet)etween the cuH'entva 
is ot3tained, arxi the diffuser vanes are adjusted until this difference is eliminated. 

The reason for corrputing a lift coefficient by multiplying some rate by maximum lift coefficient is tfiat in a radial 
diffuser, as the radius increases the area t>ecomes large and the flow vekx^ity decreases. Therefore, in the tx>undary 
layer on the vane surface, the pressure gradient becomes more highly unfcn^orable, and ft can be anticipated that the 
30 loss in tfie flow is nme severe than expected from the test results on a single winger 

multiplier rate depends on the design of the diffuser which produces pressure increase, and must be determined sep- 
arately for each arrangement of the vanes. The cptimum condition can be determined by experimentation or by numer- 
ical computation. 

Figure 3 is a graph showing results of using three different vane angles to obtain the static pressure recovery ooef- 

35 f ictent in the diffuser section experimentally. It can be seen in tfiis graph tfiat the maxinrum static pressure recovery is 
produced when the angle cfattack of tfm vanes is akxMit 3 degrees. The angle of attack depends on the Mach and Rey- 
nolds numbers of the flow, tfie width of the diffuser to which the vanes are attached, and the lateral distortion in the 
direction of the flow from the impeller exit Therefore, it is necessary to determine the angle of attack for each type of 
turtx>machinery or from operational trials using various setting angles of the diffuser vanes. 

40 Next. metfKxis for determining the flow angle a from tfie irrpeller exit win t>e discussed. There are tfvee ways to 
determine a In a t)road dassfficafion. The first one is to measure a static pressure by pressure sensors provided on both 
pressure side and suction side surfaces of the diffuser vane, and calculating the pressure difference between the meas- 
ured value to determine a. This is based on the fact tfiat the pressure difference becomes minimum when the diffuser 
vane angle is coincided with the flow angle a. This mettiod is not effective at the low flow rate range t>ek>w the design 

45 flow rate, where flow dstortion s generated which kwexs the precision of the pressure measurements. However, it is 
effective in a ftow rate range at and above the design flow rate where adding p is necessary. This will k>e futher 
explained later in detail with reference to Rgures 12 to 14. 

The second method is to measure some state quantity such as pressure at certain locations of the turtx>machinery 
while cfianging the diffuser vane angle at the same flow rate. Here, the diffuser vane angle where fluctuation of the 

so measured state quantity is minimum will be determined as a at the flow rata This method is not effective at a flow rate 
range around or akX3ve the design fk>w rate where fluctuation itself is small. Therefore, tftis method is only for sip^e- 
mentary use. 

According to the results of the experiments conducted by the inventors, it has been found that, in ttie case of a 
purrp. ttie optimum angle a of ttie diffiser vanes exhibits an approximate straight line relation k>etween the vane angle 
55 and ttie non-dimensional inlet f Icmt volume rate, as shown in Figure 4 at a revotution N1 . The results shown in Figure 4 
were obtained by conducting experiments to produce a nrK)st stable oper^ rate. 
The stability of operation was evaluated tiy the degree of fluctuations ot)served m pressure sensors placed in various 
locations of pipes and purrp casing. In the case of compressors, the slopes of tiie lines are different for different rota- 
tional speeds, because of ttie compresscbOity of gaseous media (refer to lines H-^-N^ in Rgure 4). The slope can be 
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30 



35 



40 



calculated by predicting ttie operating conditions at the impeller exit 

The third method for detemrrireng a Is to deduce a relationshp between flow rate and a of the tuitx)machinery 
through theoretical analysis. In general, if such a relationship is obtained for a certain type of turbomachinery along with 
a certain theoretical model, it can be applicable by diverting it to fit to the individual turtxxnachinery through similitude. 

In this aspect of the invention, the turbomachinery is provided with an impeller, diffuser vanes and detection devices 
fa determining the operating parameters dependent on inlet f bw volume rate or cfianges in the flow rate, and the flow 
angle is computed from the following equation on the basis of either the inlet flow N^ume rate or an operating parameter 
measured by the detection devices. The result is added to a suitable angle of attack to determine the diffuser vane 
angle to oonrespond with the operating parameters. The inlet flow rate is given t>y: 

a:sarctan{C^(K^N-K2Q)} (10) 



where a is the flow angle; Q is the inlet flow volume rate; is a constant given by (nD2)^ot)2B; K2 is a constant given 
by cot P2*<' is 3 ^9^*3^' Bis a blockage factor; N is the rotational speed, P2 is the b^ impeller in 

IS the tangential direction, and D2 is the irrpeller outer diameter. 

The flow angle a is obtained according to the followirtg consideration. 

Denoting ttie flow rate at the impeller exit by Q^, the outer diam^er of the impeller tyy D2. the exit widtti of ttie impel- 
ler by bz, and the blockage factor at the impeller exit by B, then the radial vefodty component Cn^ at the impeller exit 
is given by: 

20 

Cm2=Q2/(nD2b2B) (11) 

Assuming that the fluid is inoompressil)le. the radial vekx% corrfxxient Cmg is given by: 

25 Cm2»Q/(TCD2b2B) (12) 

Here, when the fluid is flowing within the diffuser section, the actual flow in the boundary layer near the wall surface 
is smaller than in the main flow. Denoting the main flow vefodty U and the velocity within the txxjndary layer k>y u, 
the f kyw rate due to the vekx»ty difference is given b^: 



j(U-u)dy (13) 



Denoting the displacement thickness by 6*. and if it is assumed that the flow rate wrttiin the thickness region is equal to 
U. the flow rate is given by U5*. Because the two quantities are the same, the displacement thickness in the tx>undary 
layer is given by: 



b*^(VU)j(U'U)(fy (14) 



45 (Refer, for example, to Ruid Dynamics (2). Corona Publication, Dynamics of Internal Row. \bkendo PiA^lication). 

In general, computation of tiie average velocity inside the fluid path aoss section is made by taking into account of 
the effect of the cfisplacement thickness on the narrowing of the fluid path width, but in tt^ case of turtx)machineries. 
the flow pattern of the flew from the impeller exit is not uniform in the widtii direction of the flow (see. for example, the 
Transaction of Japan Society of Mecfianical Engineers, v.44. No. 384. "Study of relative velocities distribution and per- 

50 fdrmance of a centrifugal inrpeller", F^ure 20). The regton of velocity less tfian the main f k)w becomes even larger than 
the thickness generated by the bourxlary layer. Therefore, the geometric width must be con-ected by conskJering tiie 
displacement thickness of the boundary layer and the cf)anges in the width caused by ttie velocity distortion. Othenwise. 
the velocity within the fluid path cross section is underestinrtated, and the flow angle computed on the basis of such a 
velocity value would be erroneous. In the present invention, the correction in the width is made by corsidering the Uock- 

55 age factor. 

Tuming to the other fluid velocity component, namely the tangential (or peripheral) velocity component Cu^ is given 

by: 

Cu2 =oU2 -Cm2*cotP2 (15) 



5 



EP0761981 A2 



where a is a slip factor and P2 is the blade exit angle of the impener in the tangential direction and 113 is the peripheral 
speed of the impeller. It follows that the flow angle a from the impeller exit is given by: 

asarctantCmj/Cug) (16) 
5 = arctan{Cy(naD 2 U 2b 2B-Q • cotp 2)} 

Denoting a pair of constants 

10 Ki =(TcD2)^ab2BandK2=coiP2 (17) 

and designating the rotational speed by equation (16) can be rewritten as: 

a » arctan{Q/(Ki hi-K2Q)} (18) 

IS 

If the fluid is compressible, the impeller discharge volume is gpven conveniently by: 

Q2 = (1/Pr)^'''-Q (19) 
20 where Pr is pressure ratio of the impeller inlet and exit and k is a specific heat ratio of the fluid. Therefore, it follows that: 

Cm 2 = (1/P r) ^'"^ • Q/(n D 2b 2B) (20) 



Combining equations (10) and (15), the flew angle from the impeller exit is given by: 



25 



a » arclan(Cm g/Cu 2) (21) 
* arctan[(1/P ,) • C^K 1 N-(1/P r) * K 2Q11 

30 In the present Invention, a slilable value off the angle of attack pis added to the flm 
pute the diffuser vane angle, and the diffusers are adjusted to match the computed angia 

Regarding the operational parameter for determining the flew angle, there is no need to measure the inlet flow vol- 
ume rate cfirectly. Attematively, some parameter wtiich has a relation to the inlet flow volume rate of the pump may be 
chosen to establish a relationship between the parameter and the diffuser vane angles cfirectly or in terms of the inlet 

35 f tow volume rata By measuring the fluctuation in such a parameter, it can be understood that the control of the cfiffuser 
vane angle can be achieved. 

Suitable operating parameter for such measurements are, for example, input current to an electrical drive, rotational 
speed and torque, irilet pressure, fluid velocity in piping, temperature differerK:e at the inlet and exit sound, valve open- 
ing, and the quantity of heat exchange when the heat generated in the compressor is cooled by gas cooler and other 

40 means. These paramrters will be further explained below. 

(1) Input Current to Electrical Drive 

H the compressor is driven by an electrical driver, an operating parameter related to the inlet flow volume rate can 
45 be an input cun-ent to the drive, which provides a reasonable measure of the inlet ftow volume rata The drive pcwer L 
is given l>y: 



L=ilm'np'V-A=p-g-H-QAn (6) 

50 where is a driver efficiency; i)p Is a drive power factor; V ^ an input voHage to the driver; A is an input current to the 
driver; p is a fluid density; H is a head; Q is an inlet f tow volume rate; and r\ is the efficiency of the device being driven. 
Therefore, it can be seen that the driver current is a parameter of the inlet flow volume rate. However, it should be noted 
tfiat, t>ecause the efficiency of the driven device decreases along with the decreasing flow volume rate and the drive 
irput power is a variable dependent on the fluid density and fiead, there is a limit to the utility of tfiis relation. 

55 

(2) Rotational speed of the □ectrical Drive 



The drive power L is given by: 
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L = T*(D (7) 

where T is a torque value: and q is an angular velocity. Thus, by measuring the revolutions of the drive and the resulting 
torque, it is possible to estimate the inlet flow volume rate to some extent. If the rotational speed of the drive is constant. 
5 then only the torque needs to be determined. 

(3) bilet Pressure 

The flew rate Qflowing through a pipe is given by: 

10 

Q = A*v = A-{p*(Pt-Ps)/21^'^ (8) 

where A is the cross sectional area of the pipe; v is an average fluid velocity in the pipe; Pt is a total pressure; arxJ Ps 
is a static pressure If the pressure at the inlet side is atmospheric, the total pressure can be made constant so if the 
IS static pressure can be found, the inlet flow volume rate can be obtained. Therefore, by measuring the static pressure at 
the inlet bell mouth section of the compressor, it is possble to obtain data related to the inl^ flow volunrie rate reason- 
atity. In this case, it is necessary to measure the static pressure of the irKXxning flow accurately by eliminating the fluid 
backflow which occurs from the impeller at low flow ratesw 

20 (4) Exit Pressure 

The exit pressure of the corrpressor can be measured to estimate the inlet flow volume rate. If the turtx>machinery 
is a pump handling an inoompressit>le fluid, the exit volume is equal to the inlet volume, kxjt if the turidomachinery is a 
compressor handling a corTpressd)le fluid, then it is necessary to have some mettiod for determining the density of the 
2S fluid. 

(5) Row Velocity in the Pipe 

The flow velocity within the pipe, similar to the inlet pressure, can k>e measured to provide some data tor the inlet 
30 flow volume rate. Velocity measurement can be carried out by such methods as hot-wire velodmeter, laser velodmeter 
and ultrasound velocimeter. 

(6) bilet/ExH Temperatures 

35 For compressors, the difference between the inlet emd exit temperatures can vary deperxling on the flow rates. Fig- 
ure 5 shows a correlation between the temperature difference at the inlet/exit for a compressor and the flow coefficient 
on the X-axis. For compressors, the temperature difference can provide work coefficient (refer to Figure 6), but the rela- 
tion is similar to the temperature difference, and therefore, measuring such a param^er can provide data on the inlet 
flow volume rate. The results shown in Figure 6 were obtained under two different rotation counts , N2. 

40 

(7) Temperature Difference in Gas-Cooling Water 

When the heat generated in the compressor is coded t>y a gas cooler, the quantity cl heat exchanged is gpvent^^ 

45 L = CT^.T2)-Cp-W (9) 

where T^ is the f IukI temperature at the inlet of the gas cooler; T2 is the fluid temperature at the exit of the gas cooler; 
Cp is the specific heat of the gas; and W is the mass flow rate. The heat generated by the compressor depends on the 
inlet flow volume rate, therefore, by measuring the temperature difference of the cooling medium, it is possible to obtain 
so some data on the inlet flow volume rata 

(8) Sound Effects 

The noise generated in the conrpressor or Straw-Hull NuiTt>er related flM velocity can also provide some data on 
55 the flow ratei 

(9) Valve Opening 

The degree of opening of inlet or exit valve of the device attached to the compressor is related to the fluid flow rate. 
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therefore* by measuring the opening of valves, it is possible to correlate data to the flow rata 

Next mettKxJs for applying the present invention to practice the control of actual turtx)machinery will be described. 

The parameter on which the turtx)machinery is controlled by control device can be selected as pressure difference on 

both sides of the cfiffuser in the first niethod, some state quantity of the turtsomachinery capable of representing the f tuc- 
5 tuation for use in the second m^hod. Othemvise, the parameter can be selected as flow rate or relating slate quantity 

In the former method, a is calculated each time the parameter is measured, but in the latter, ft Is only necessary to store 

the relationship k>etween a and parameter in the memory of the controller beforehand. 

This invention described above is aimed for improving the performance of a turtx)machinery operated at or atxve 

the design flow rate ranga If the turtXMnachinery is operated below the design flow rate, flow separation occurs in the 
10 impeller and dlffuser and other components in the turtxxnachinery which leads to a phenomenon called "surge". In such 

a region, the turbomachinery should be operated t>y controlling the cfiffuser vane to adjust to the flow angle a from the 

impeller exit 

Rgure 7A shows the output waveforms from the sensors, and the left graphs show the pressure measurements 
from two locations in the tangential directions of the diffuser. and the right graphs refer to those at the suction pipe and 

IS the exit pipe. As evident from these traces, when the f bw rate is deaeased below the design flow rate, large pressure 
fluctuations are ok>served in the diffuser section (refer to left traces at flow rate 2) arxJ wtien tfie flew is decreased fur- 
ther, the fluctuations at the pqse become severe (refer to right traces at flew rate 3) thus cai^ng a surga 

F^ure 7B shows a relation t)etween the non-dlmerisional flow rate normalized by the design flow rate and the non- 
dimensional head coefficient normalized by the value of the design flow rate. The flow rates 1 . 2 and 3 in Figure 7B cor- 

20 respond to those in Rgure 7A. Therefore, it is dear that by detecting such variations quantitatively and using a suitable 
tfiresfK)ld value, it is possft)le to provide early warning and take quick remedial steps to prevent the onset off surge to 
provide a stable operation of the pump system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Rgure 1 is a schematic illustration of the fluid flow conditions existing at the exit region of the impeller. 
Rgure 2A is a graph showing a relationship between the non-cfimensional inlet flow volume rate and the diffuser 
loss. 

Rgure 2B is a graph shewing a relationship t>etween the pump efficiency and the non-dimensional inlet f tow volume 

30 rate. 

Rgure 3 is a graph showing the static pressure recovery coefficient at the diffuser sectfon and the angle of attack 
against the diffuser vanes. 

Rgure 4 is a graph showing a relationship t>etween inlet fkiw rate and the diffuser setting angle. 
Figure 5 is a graph showing the temperature differences at the inlet and exit sections of the compressor and the 
35 f tow rate. 

Rgure 6 is a graph shown a relationship t>etween the fkwv rate arxJ the work coefficient. 
Rgure 7 shows pressure f bictuatiors in various sections of the pump. 

Rgure 8 is a cross sectional view off an enrtbocfiment off a turtx)machinery having variable-artgle vanes for a single- 
stage centrifugal compressor. 
40 Figure 9 is a detailed partial side view of the actuator shown in Rgire 8. 

Figure 1 0 is a block diagram of a first embodiment of the turtxxnachinery of the present invention with variable fluid 
guide vanes. 

Rgure 11 A is a front view of a pressure hole provided on a disc for attaching the diffuser vanes 
Rgure 1 1B is a aoss sectional view of a pressure hole provided on a disc for attaching the diffuser vanes. 
45 Rgure 12 is a graph showing a predetermined flow angle in a test chamber and ^. 

Figure 13 is a graph showing a relationship between tfie non-dimensional ftow rate and the setting angle of the dif* 
fuser vanes. 

Rgure 14 is a schematic illustration of the fluid flow conditions existing at the exit region of the impeller. 

Rgure 1 5 is a graph showing a method of ot)taining pressure variations In a turtxxnachinery of the present inven- 
50 tion having variable fluid guide vanes. 

F^ure 1 6 is a graph showing a method off obtaining a threshold value in a turtxxnachinery of the present invention 
having variat3le fluid guide vanes. 

Figure 17 is a graph showing a relationship t>^ween the norvdimensional flow rate and the head coefficient in a 
turtx>machinery of the present invention. 
55 Figure 18 is a graph showing a relationship between the non-dimensional flow rate and the head coefficient in a 
conventional tortxxnachinery. 

Rgure 1 9 is a cross sectional view of another embodiment of a turbomachinery having variatile-angle vanes for a 
single-stage centrifugal compressor. 

Figure 20 is a flowchart showing the processing steps of the turtxxnachinery with the variable fluid guide vanes 
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showninRgure19. 

Figure 21 is a flowchart showing the processing steps, inducfing the control system, of another ennbodiment of the 
tuitxHTtachinery with the varmble fluid guide vanes. 

Figure 22 is a flowchart showing the processing steps of the turtxMnachinery with the variable fluid guide vanes 
5 shown in Figure 21. 

Figure 23 is a graph to show the effects of the turtiomachinery shown In Figure 21. 

Figure 24 ^ a biodk cfiagram of a second ennbodiment of the turbomachinery of the present invention with variable 
fluid guide vanes. 

Figure 25 is a flowchart showing the processing steps of the turtxmiachinery with the variable fluid guide vanes 
10 shown in Figure 24. 

Figure 26 shows graphs of performance cuve of the turtx>machinery and the resistance curva 
Figure 27 is a block diagram for another embodiment of the turtxxnachinery with variat)le fluid guide vanes. 
Figure 28 is a flowchart showing the processing steps of the tuitxxnachinery with the variable fluid guide vanes 
shown in Figure 27. 

IS Figure 29 is a graph showing the relationships between the flow rate and the pressure ratio in a turbomachinery. 
Figure 30 is a graph showing relationships between the flow rate and the relative velocity ratio in a turtx)machinery. 
Figure 31 is another f lowcfiart showing the processing steps of another tuitx>machinery with the variable fluid guide 
vanes. 

Figure 32 is a graph showing other relationships t)etween the flow rate and the relative velocity ratio in a turtwma- 
20 chinery. 

Figure 33 is a cross sectional view of cmottier embodiment of a turtx>machinery having variable-angle vanes for a 
single-stage centrifugal compressor. 

Figure 34 is a block diagram of the embodiment of Rgure 33. 

Figure 35 is a f lowcfiart showing the processing steps of the turtx>machinery shown in Figure 33. 

2S 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, some preferred embodiments of \he tuibomachinery of the present invention wiD t>e presented. 

Figures 8 and 9 refer to a single-stage centrifugal compressor, and Rgure 8 is a vertical aoss sectional view and 
30 Figjre 9 is a partial side view. The fluid flowing into the compressor through the inlet pipe 1 is given motion energy t>y 
the rotating impeller 2. is serrt to the diffuser 3 to increase tfie fluid pressure, and is passed through the scroll 5a, and 
discharged from the discharge pipe 5b. 

The inlet pipe 1 is provided with a plurality of fan-shaped inlet guide vanes 6 arranged in the circumferential direc- 
tion, connected to an actuator 8 coupled to a transmission device 7. The diffuser 3 arranged downflow of tiie impeller 
35 is provided with diffuser vanes 4 whidv are also oorinected to an actuator 10 through a trar^^ 
the angle of each of these vanes are adjustable. 

Figure 10 is a biock diagram of the control section for controlling the operation of the turtx)machinery having varia- 
ble guide vanes. As shown in Rgure 10, a pump with variable guide vanes has a computation device 21 comprising a 
computation section 22a and a memory section 22b. As shown in Figure 10. the pump is provKled with a data input 
40 device 23 for inputting necessary operating parameters^ a first drive control device 24 for variable control of the inlet 
guide vanes 6, a second drive control device 25 for variat)le control of the cfiffuser vanes 4 and a third drive control 
device 26 for controlling the rotational speed of the impeller 2 ( i.a of the turtxMnachinery). 

Figure 1 1 A is a front view of a t>ase plate having pressure sensing holes formed on a diffuser vane, and Rgure 1 1 B 
is its cross sectional view. These pressure sensing holes m^ k>e disposed on one base plate or one hole on each sep- 
45 arate base plate. As shown in Rgure 1 1 , the pressure sensing holes 10a, 10b, 10c are disposed on a (fisc 10 to which 
is attached a diffuser vane 4. The hole 1 0a is for detecting the pressure on the pressure side of the diffuser vane, the 
fK>le 1 0b is for the suction skle of the vane and the hole 1 0c is for the inlet side for measuring the reference pressure. 
Each of the pressure sensing holes is provkied, respectively, with a pressure sensor &|, $2 and S3 to measure the 
respective pressures. 

so The output from the pressure sensing device is input into a computation device 21, a^ inwhich 
a dynamic pressure DPd of the ftow is computed from the value measured by the sensor S3. The processor 21 com- 
putes a pressure difference (Prf^z) ^om ttie measured values at the pressure sensors Si and S^. and determines an 
operating angle of ttie diffuser vanes on the basis of a ratio ^ which is given by an expression (Pi-P2)/DPd. 
In ttie first place, the dynanruc pressure DPd is obtained by the metiKxJ shown t>elow. 

55 The radial vekx% conponent Cm2 at the impeller exit is given tiy the following expressk>n: 

Cm 2 = (1/P r) ^''^ • Q/(tiD gb 2B) (22) 
where Pr is pressure ratio ( P r=P 3/P | ) of the impeller and k is a specffk: heat ratio of the fluid. Q is the f tow rate and B 
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is the blockage facta at the impeller exit 

The tangential velocity component Cu2 is given by: 

Cug^aUj-CmgCatPg (^) 

where a s a slip factor of the impeller, U2 is the tip speed of the impeDer and P2 is the blade angle at the impeller exiL 
Therefore, the absolute velocity C at the impeller exit is given by: 

C^ = Cm2%Cu2^ (24) 

The fluid density p2 at the impeller exit is given by: 

P2 = Pi(Pr)''" (25) 
IS where pi is tfie fluid density at the impeller inlet. Therefore, the dynamic pressure DPd is given by: 

DPd = C^y2p2 (26) 
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and it fbllGws that 4 is given tiy the fbllGwing expression. 

« = (Pi-P2)/DPd (27) 



The value of ^ with respect to the flow angle is predetermined in wind tunnel. Figure 1 3 shews one example, where 
the x-axis represents the vane angle with respect to the fluid flow and the y-axis represents the ratio ^ as defined above, 
2s which is a ratio of the pressure (fifference t>etween Si and S2 to the dynamic pressure DPd (this is obtained by rneas- 
uring the difference between the overall pressure of the flow Pt arxi the static pressure Ps, which is a general method 
different from the one presented atx>ve). The curve is memorized in the menxNy section, and the vane angle with 
respect to the flow is computed from the ratio { at the exit of the impeller. 

In the meantime, because the flew angle at the impefler exit is give by: 



a»arctan(Cm2/Cu2). (28) 



tfierefore, the cfifference between the two produces the diffuser vane angle with respect to the flow. By adjusting the 
vane angle by the amount of the cfifference, it is possbie to align the diffuser vane angle to the exit flew angle of the 
35 impeller. If it is not possible to match the angle with one try, the steps are repeated until the coincidence is obtained. 

ControlKng of the diffuser vanes can be performed as shown in Figure 14, for example. Th^ graph is obtained from 
the data acquired on some corrpressor, and the x-axis refer to non-dimensional flow rate obtained by normalizing the 
operating parameter data with the value at the design point, and the y^axis refer to the diffuser vane angles according 
to the present invention. 

40 In Figure 14. at non-dimensional flow rates higher than 0.6. the vane angles were determined by computing the 
dynamic pressure DPd. obtaining the ratio ^ = (P ^-P2)/DPd of the difference (Pr P2) of the pressure measurements 
obtained from the pressure sensor and From this value, an exit flow angle a is determined and angle of attack p 
(refer to Figure 12) is added thereto through the computation by the processor 21 , arxJ the diffuser vanes 4 are set by 
the second drive control device 25. Here, p is obtained as an angle of attack where a lift coefficient becomes equal to 

45 anriaximumliflcoeffidentnrnjttipliedbyacerlainrate(ref^ 

In Figure 14, in the region below the non^imensional flow rate of 0.6. the tuitx>machinery is controlled by connect- 
ing the pressure sertsing hole 10c shown in Figure 11 to the dynamic pressure measuring device, arxl obtaining the 
fluctuation values Fp over a smaD measuring interval of time, arxi comparing this value with the threshold value Fpd, 
and controlling the diffuser vanes 4 by rneans of the second drive control device 25 so that the fluctuati^ 

50 pling duration wouU be less than the threshold value Fpd. 

A method of obtaining Fp will be explained with reference to Figure 15. In this figure, T represents a small measur- 
ing interval of time for determining a value of one fluctuation, and 5t refers to a sampling duration for sampling a pres- 
sure value Pi (Q, t) for determining a value of fluctuation. The values of Fp and Fpd are standard deviation per unit time 
within the measuring inten/al of time T at the sanpling c&iration 5t and are given by the following equations. 



Fp(Q) = [1/n:{Pi(Q.t) - Mi(Q)} ^] (29) 



where 
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Mi(Q)=1/n:Pi(Q,t) (30) 

The above equations are applicable to both DC data (i e. having an offset datum Gne). or AC data varying above 
and below the zero lina 

5 The measun'ng interval of time T should be suffidentty short so as to compute an index of fluctuation to enstHe 
accurate and quick response to the cun'ent operating conditioa In a third emtxxiiment, a guide to the measuring interval 
of time T is obtained by a formula 60/ZN (in seconds) where N is the rotational speed (revolutions per minute) of the 
impeOer 8 and z Is the number of vanes of the impeller 8. Therefore, the quantity eOTZN indicates a period of fluctuation 
of an operating parameter, such as the pressure, generated inherently by two revolutions of the irrpeller. The parameter 

10 T should be chosen large enough that the measurements would not be affected t>y such inherent fluctuations of the sys- 
tem. The fimit on T is therefore given by: 

T^K^ •60/ZN (31) 

15 and it follows tfiat, in practice, T should t>e selected to t>e at the minimum limit of the value given by the above relation, 
where is a constant dependent on tfie type of turtx>machinery b&ng used, and it can be determined k>eforehand at 
the time of testing the turtx)machinery, or if the machine of the system is a high volume production unit, then a repre- 
sentative value should t>e entered in the data input device 23. 

Next a method of deterrrining the sampling duration, 5 1 will t>e presented. It is desirable ttiat this quantity should 

20 be as short as possible fn)m the viewpdm of computing an accurate index of tfie control 0^ 

short sampling duration will load the computer, and the computation time t>ecomes undesirably excesslva In this 
embodiment, a guide to the sampling duration 5t is again calculated on the basts of the formula 60/ZN (in secdnds). 
Therefore, the sampling duration 5t should be chosen so as not to t)e affected by the inherent operating property gen- 
erated by the revolution of the impeOer 2. The result is given by the following: 

25 

5t^K-60/ZN (32) 

Furthermore, as explained with reference to Figure 7, by comparing the vflxational period during the design flow 
rate 1 with tfiose during the lesser flow rates 2 and 3 at wtiich operational instability is generated in the system, it is evi- 

30 dent that duration should be altered depervJing on the flew rate. In this embodiment, the sampling duration &t in the 
instability region of flow rate 2, in which the head coelf ident t>ecomes higher towards low flow rates, is determined by 
K2 - 60/ZN. In the flew rate 3 in which surge is generated, the sampling duration 5t is K3 • 60/ZN. Those constants K2. 
K3 are dependent on the type of turtx>macfiinery. and as in the case of . can be determined t>eforehand at the time 
of testing the turbomachinery, or if it is a high volume production item, a representative value should be entered in the 

35 data input device 23. 

The operating parameters of the conpressor are determined for each operating system as described above, but 
the onset of instakMTity. i.e. surge thresfioM value y for the operating system Is determined as expleiined in the following. 

Figure 16 shows the data from the present investigation, arvi the x-axis represents norvdimensional flow rates Q 
normalized by dividng the operating flow rate t)y the design flew rate Q, and the y-axis represents non-dimensional 
40 operating pressure fluctuations Fp normalized t)y the design pressure Fpd at the design flow rate Qd. In Figure 1 6. cir- 
cles represent tfie pressure measurements obtained at the diffuser waD. 
The operating conditions were as follows: 

N = 9,000 rpm; Z = 17; Ki = 2.000; Kg = 5; and K3 = 20. 
From these results, it can t>e seen tfiat when the non-dimensional flow rate falls t>elow 0.6, the non-dimensional 
45 pressure fluctuations t>egin increasing. It is dear that the stable operation of the compressor can be acfiieved by main- 
taining the pressure fluctuation t>elow this threshold valua In this example, Fp^pch\.S is judged to be the Emit, and a 
value of 1.5 is used as the threshold valuer- 
Next, the diffuser vane angle is adjusted so that the system is maintained t>elow the threshold value at each respec- 
tive flow rate to obtain the type of relation (non-dimensional flow rate less tfian 0.6) shown in Rgure 14. The data show 
50 that, at low flow rates belcw the norKfimensional flow rate 0.6. the diffuser vane angle is proportional to the non-dmen- 
sional flow rates. 

For producing an optimum operating condition for the diffuser vanes 4. the above steps are combined wHh the inlet 
flow volume rate at the pump and any rise in the head coefficient computed by the computation device 21 . to control ttie 
diffuser vane angle by means of the second drive control device 25. 
55 Figure 17 shows an exarrple of the performance of a centrifugal compressor having the difhiser vane control 
device of the present invention. The x-axte represents the norhdimensional flow rate, and the y^axis represents non- 
(Smenstonal pressure coefficient for the top graph and non^fimensional efficiency for the bottom graph. It has thus been 
confirmed that the device permits a stable operation of the purrp over a wide range of flow rates. 

Figure 18 sfrnvs overall performance curves of a centrifugal compressor having fixed (fiffuser vanes and variable- 
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angle inlet guide vanes. It is dear, from the comparison of the perlbmfiance curves of the present turtx>machinery 
shown in Figure 1 7 to those shown in Figure 18. that there is a significant imprcvement in the performance at kx>th low 
and high flow rates. In the case of a purrp, am if the rotational speed is changed, the non-dimensional performance 
curves remain essentially the sama 

5 In the embodiments shown in Figures 8 to 17. the conrputational processor 2^ is provided as a separate unit how- 
ever, it is permissSsle to provide a plurality of dedicated processors accorcfing to tha'r functions. Also, the drive control 
devices have been provided separately, however, it is dear that a single drive control device may t>e suffident. 

Figure 19 refers to a sirigle-stage centrifugal compressor of another embocfiment and the fluid flowing into the 
compressor tfirough the inlet pipe 1 is ^ven motion energy by the rotating impeller 2, is serrt to the diffuser 3 to increase 

10 the fluid pressure, and is passed through the scroO 5a. and discharged from the discharge pipe 5b. The shaft of the 
irrpeller is connected to a motor. The inlet pipe 1 is provided with a flow sensor Sq. and its output signal is input into a 
CPU 12. The cfiffi^er 3 is provided with cfiffuser vanes 4 wttich are also connected to an actuator 10 through a trans- 
mission device 9. The actuator 10 is provided with a control device 27 which is controlled by CPU 12. 

Rgure 20 is a flowchart sfiowing tfie process steps of the turtx>machinery having variable-angle inlet guide vanes 

Iff shown in Rgure 19. When the rotational speed is to be altered, this is performed in step 1. If it is not necessary to 
change the rotational speed, next step is reached. Next in step 2, inlet flow volume rate Q is measured, arxJ in steps 3, 
the flow angle a is determined according to Rgure 1 4. In step 4, the diffuser vane angle is adjusted as shown in Rgure 
12 by operating the actuator 10. When the rotational speed is adjustable, in step 5, it is examined whether the head 
value is at a desired value; and if it is not. the process returns to step 1. If the head exceeds the target value, the oper- 

20 ation is coritinued. The above process enables the tuitx>machinery a stable and high pe^^ 
ling the cfiffuser vane angle in accordarx:e with the measured value of the inlet flow volume rate. 

Rgures 21 to 23 show another embodiment of the present invention of turtx)machinery. The construction of the tur- 
bomachinery differs from tfiat ennbodiment shown in Rgure 19 such that a plurality of fan-shaped inlet guide vane is cfis- 
posed around the periphery on the inlet pipe 1. and the actuator 8 is connected to these vanes. There is also a gas 

2ff cooler 1 5 to provide cooling to the fluid for the compressor. The compressor is provided with various sensors, such as 
a current meter ^ for the detection of Input current to the electrical motor, a torque sensor S^2 ^ ^ rotation counter 
&,3 for the irrpeller shaft an inlet pressure sensor S^^ deposed on inlet pipe 1 for detection of inlet pressures; and 
&)5~Si8 disposed on exit pipe 1 for measuring, respectively, the discharge pressures, and fluid temperatures; cooler 
temperature sensors Sig and S^q for determining the temperature difference t>etween the inlet and exit ports in the gas 

30 cooler 13; sound sensor S21; and valve opening sensor 822* These sensors S11-S22 are operatively connected to a 
sensor interface 16 through which the output sensor sigr^ are input into CPU 17. 

Figure 22 is a flowchart sfiowing the process steps of tfie turtx>machinery having variat)le-angle inlet guide vanes. 
In step 1. the rotational speed of the irrpeller 2 is set to a suitabie value not exceeding a predetermined limit. Next, in 
step 2, the angle of the inlet guide vanes 6 is d^ermined from ttre input data such as the rotational speed N of the impel- 

35 ier 2. target flow rate Q and head oo^icient H. fan steps 3, operating parameters are measured. In step 4. using a rela- 
tion shown in Rgure 14. the angle of the diffuser vanes is determined. 

In step 5, the drive control device and the actuator are operated to control the an^e of the inlet guide vana In step 

6. the current head is examined to see if it is at a desired value, and when it is at the desired value, ttre operation is 
continued. When the head value is not at the desired value, in step 7, the magnitude of the cunent head value is oom- 

40 pared with the desired value, and, wfien the current head value is less, in step 8, the angle of the inlet guide vanes 6 is 
decreased. 

Next in step 9, the magnitude of the inlet guide vane angle is exarrrined to see if it is at the lower limit, and if the 
answer is NO, then the program returns to step 3 and all the sut>sequent steps are repeated. If the answer is YES. the 
rotation speed is examined to see if it is at the limit and if the arrswer is YES. then the operation is continued. In this 
45 case, the target head value is not obtained. If the answer is NO, then in step 1 1 , the rotational speed is inaeased (by a 
predetermined amourrt), and the program returns to step 3 and all the subsequent steps are repeated. 

In step 7, when the head value is judged to be higher than the desired value, in step 1 2, the angle of the inl^ guide 
vane is increased. Next, in step 13, the angle of the inlet guide vane is examined to see if it ^ at the upper limit and if 
ttre answer is NO, the program returns to step 3 and repeats all the sut>sequent steps. If the answer is YES, ttren in step 
50 1 4. the rotational speed is deaeased (by a predetermined amount). 

Figure 23 shows a comparison of the overall perlonnance of a conventional tuibomachinery having fixed diffuser 
vanes is compared with ttrat of the turtx>machinery of the present invention, ft is dear that the peribrmanoe of the 
present system offering a stable operation over a wide flow rate rarrge is superior to the conventional system. 

The next embodiment relates to a turtx>nriacfiinery having variable inlet guide vanes 6 to provide an optimum per- 
55 formance. The construction of the turtx>machinery is identical to tfiose shown In Figures 8 and 9. As shown in Figure 
24. the turtx>machinery is provided with an inlet pipe 1 having flow sensors 1 1 for measuring th e inlet flow volume rates, 
and the ppes and the drffusers are provided with pressure sensors S31-S33. The sensor S31 is attached to inlet pipe 

7, and the sensor S32 is attached to the inlet to the d'lffi^er at two locations . The sensor S33 is attached to the exit pipe 
9. Rotational speed sensor 12 is provided on the axis of the inrpeller 2. 
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As shown in Rgure 24. the turtx>machinery with variable inlet guide vanes is provided with a computation device 
21 tor measuring and computing the rotational speed, inlet flow volume rate and any rise in the head coeff ident by using 
various sections: an inlet guide vane ang^e computation section 21a to compute the inlet guide vane angle to produce 
the optimum angle on the diffuser vanes 4; fluctuation evaluation section 21 b to compute the values of pressure f luctu- 

5 ation based on the measurements provided bf sensors 83^ to S33 during small measuring interval of times and com- 
pare current fluctuation with the predetermined threshold value: memory section 21c to store the performance data of 
the tuibomachinery wtien the inlet guide vanes 6 is fully opea A data input device 23 for entering operational parame- 
ters and the constants to K3 (already descrft)ed by refening to Rgure 1 5), a first drive control device 24 for controlGng 
the angle of the inlet guide vanes 6. a secorvi drive control device 25 for controlling the angle of tfie diffuser vanes 4. 

10 and a third drive control device 26 for oontrolfing the rotational speed of the impeller 2 are also provided. 

The fluctuation signals from the pressure sensors S31, S32 and S33 are input into a signal amplifier 13. and the 
amplified signal is input into the computation device 21 after passing through a low pass fflter (LPF) 14. The output sig- 
nals from the computation device 21 are input into the first, second and thiid drive control devices 24. 25 and 26. The 
functions provided by the separate units such as the amplifier 13 connected to ttte sensors 83^ ~ S33. filter 14. input 

IS interface and computation device 21 inay be replaced with a single microprocessor unit Also, the conputationsectioris 
21a, fluctuation evaluation section 21b and memory section 21c may be provided t>y separate processors. 

In the turtx)machinery presented above, the optimum operation of ttie system demanded tiy the input data from the 
data input device 23 ts produced by conputing the angle for the inlet guide vanes 6. controlling the angle of vanes 6. 
computing the fluctuation values in the fluctuation evaluation section 21 b. controlling the diffuser vanes 6 so as to pro- 

20 vide optimum performance arxi by controlling the rotational speed of the turtxHnachinery. 

Rgure 25 is a flowchart for produdng a statrie operation of the turtx>machinery by setting the angle of the inlet guide 
vanes 6 for optimum performarx^ and by controlling the diffuser vanes 4 so as to prevent surge generation. In step 1 . 
the rotational speed of the irrpeller 2 is s^ at a suitable value so as not to exceed a certain limit. In step 2. an angle e 
for the inlet guide vanes 6 is selected to suit ttie rotational speed N of the inpeOer 2. target flow rate Q and head H. This 

25 process is performed the following steps: (1) inputting of the target flow rate Q and head H; (2) computing flow coef- 
ficient ^ pressure coefficient y; (3) computing a second order curve passing through the points representing the flow 
coefficient ^. pressure coefficient v; (4) computing intersection points, ^' and of the second order curve with the per- 
formarK:e curve, with the inlet guide vanes 6 set at zero; (5) computing the angle s of the inlet guide vanes according to 
the following equation. 

30 

6 « arctan{k(i|r'- y)/ ^1 (33) 

wtiere k is a constant. Equation (33) will be explained further later. 

In step 3. the angle of the inlet guide vanes 6 is controlled by operating the first drive control device 24. Next, in step 

35 4, the operating parameters are determined by means of the sensors S31-S33. and also the flew rate Q and the head 
H are measured to ootrpute ^" and ^T. In step 5, fluctuation values in the operating parameters over a small measuring 
interval of time are determined, and the results are compared with the threshold value, and when the fluctuation exceed 
the threshold value, then in ^ep 6. the angle of the diffuser vanes 4 is altered by operating the second drive control 
device 25. and steps 4 to 6 are repeated. 

40 When the fluctuation is less tfian the threshold value in step 5. then in step 7. the head H is examined if it is at a 
desired value, arxj if it is at the correct value, the operation Is continued. If the value of the head H is not at tfie desired 
value, in step 8. it is determined which is higher. If the head is lower, in step 9. e* is calculated according to the following 
equation: 

45 £• = arctan {k(v"- v)/ (34) 

and the angle of the inlet guide vanes 6 is deaeased by a quantity equal to (e*- e). 

In step 10. the angle of the inlet guide vane ^ examined to evaluate whether it is at the lowest limit, and if the 
answer is NO. step 4 and sut)sequent steps are repeated. If the answer is YES, in step 11. the rotational speed is exam- 
50 ined to evaluate whether it is at the limit, and if the answer is YES. the operation is continued (the required head will not 
be achieved). If the answer \s HO, tfien in step 12. the rotational speed is increased (by a predetermined amount) and 
the step 4 and all the suteequent steps are repeated. 

If in step 8, it is judged that the head value is higher than the desired value, in step 1 3. the quantity e* is computed 
according to equation (33), and the angle of ttie inlet guide vane is increased by an amount equal to (e- e). In step 14. 
55 the angle of the inlet guide vane is examined to evaluate wh^er it is at the upper limrt. if the answer is NO. then step 
4 and all subsequent steps are repeated. Ifthe answer is YES, in step 15, the rotational speed is decreased (by a pre- 
determined amounQ. and step 4 and aD siteequent steps are repeated. 

In the following, a method of obtaining equation (33) will be explained. 

Rgure 26 stiows a performance curve and the resistance curve. It is assumed that the performance curve with the 
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inlet guide vane at zero angle is kncwn. 

Next for a given operational point defined by a given flow rate Q arxl a head H. the values of a flow coefTicient ^ 
(4*Q/(n • D2^*U2)) and a pressure ooelfidenty(g*H/(ll2^) are calculated. 

By assunnng that the resistance curve through the operationaJ point )|4 arid the ori 
the ooeffiderTt of the curve is obtained (when there is a constant resistance, rt is assunned that the value is known, and 
an intercept with the y-axis is obtained). The ooorcfinates (<> ^/O of an intersection point of the resistance curve with the 
known device perfomiance curve at zero angle of the inlet guide vane are obtained by cak;ulation or other means. 

From the value of a flow rate Q' is obtained from the fblkiwing equatkm. 

Q* = (»**Ti-D2^-U2/4 (35) 

Letting be the inlet area to the impeller, the fluid f k3w inlet vek)city Cmt (to the impeUer) is given by the foUowing equa- 
tk)n: 

Cm, =Q7Ai =f •n*D2^-U2/(4»Ai) (36) 

The head H* of the turbomachinery is otytained from the difference between a product Ua^CUa and a product 
Ui * CUi where U2. are a tangential exiting vekx% from the inrpeller and a tangential entering vekx% into the 
inipeller. respectively; arvJ CLfa. CUi are tangential conponents of the at)solute vekx% at the exit and at the inlet to the 
impeller, respectively. The dfferenoe equation is expressed as foltows. 

H* = (U 2 • CU 2 - U 1 • CU i)yg (37) 

Here, since 

V = (g • KAJ 2 h therefore. (38) 

V = (U2*CU2-Ui-CUi)AJ2^. (39) 

Since the inlet giide vane angle is zero, the tangential component CUi of absolute vetocity at the entry end is 
zera TTierefore, the tangential component CU2 of the absolute velocity at the exit end is cpven t)y the following equation. 

CUs^Us*^' (40) 

The present Investigation established that the tangential component CU2 off the absolute velocity depends only on 
the ffow rate and not on the inlet guide vane angla 

Using this knowledge, the pressure coeff kaent. y for a given operating point, is given by the following equation: 

V = (U2^-V-Ui-CUi)/U2^ (41) 
= V-(Ui-CUi)AJ2^ 

ttieretore. the tangential component CUi <'f ^ ebsoMe velocity at the inlet to the impeller is given by: 

CUi=(v'-v).U2^AJi. (42) 

Letting Dirms t>e the root means square average diameter at the inlet to the impeller, the inlet gukle vane angle to 
satisfy the oonditfon at the operating point is given by: 

e 1 = arctan (CU i/Cm ,) (43) 
= arctan { A 1 • ( V' - v) • U 2/(D 2 ^ • ♦ • • U 1 )} 
ardan (A 1 • ( v' - y)/(D 2 * D 1 rnfB • 4)} 

here, by defining a constant k as 

k=Ai(D2*Dinns) (44) 
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then, 

sardanjk'CV-M')/^} (45) 

5 It should be mentioned that the method of obtaining the parameter ftuctuation value Fp which forms the basis of 
evaluation by the confutation devk^e 21 and its threshold va^ 
15 and 16. therefore, it wiQ not be repeated. 

As explained above, according to the tuitxNnachinery (conrpressor) of the present invention, the angle of the inlet 
guide vanes 6 to provide the target performance, requested t>y the input data through the data input device 23. is com- 

10 puted, the vane angle adjusted and the turtxxnachinery is operated. When the angle of the inlet guide vanes 6 is 
adjusted, the flow pattern within the impeller is altered, aivi therefore, the f liid flew from the impeller exit is ateo altered. 
At tills point, from the measured norhdimensional flow rate, an optimum angle of tiie cfiffuser vane 4 is decided accord- 
ing to the relations shown in Rgures 12 and 16. If tfie operating concfition is such that even after tiie acQustment of tiie 
(fiffuser vane angle, the system does not reach a satisfactory head value H, the rotational speed can be altered while 

IS avoiding the generation of instat>ilrty. Therefore, it is dear that under any operating condition it is possible to control the 
angled tine diffuser vanes, from tfie knowledge of the nonHfimensional flew rate so tfiat the system 
its optimum performarx^e level t>y adjusting the diffuser vanes to ma t c h the flow from the impeller. 

Figure 27 is another example of block diagram of the control device groip for the turbomachinery having inlet guide 
vane as shown in Rgures 8, 9. The system is provkied wHh a computation device 2 1 . and it is provided with means to 

20 conpute operational parameter fluctuations between the inlet and exit of the impeller, based on the data obtained dur- 
ing its operation, and to adjust the operational condition of the turtx)macfiinery based on the fluctuation values. 

To the input side of the computation device are connected sensors 83^-833. flew sensor 11, rotation counter 12, 
diffuser vane angle sensor 18, inlet gukle vane angle sensor 19 and a data input device 23 for inputting operational 
parameters. To the output side are connected a first drive control devk:e 24 for controlling the inlet guide vanes 6. a sec- 

25 ond drive control devk^e 25 for controlfing the angle off the cfiffuser vanes 4. and a 

trolling the rotational speed of the impeller 2 are also provkJed. The functions provkied by the separate units such as 
the amplifier 13 connected to the sensors 83^ ~ S33. filter 14, input interface arxJ computation devk;e 21 may be 
replaced witti a single mk:roprocessor unit 

In the following, a method of operating the tuitx)machinery wOl be provided with reference to the f towchart given in 

30 Rgure 28. 

In step 1 . initial setting is performed by setting the rotational speed of the impeller 2 arxl the angle of the inlet gukJe 
vanes 6 appropriately. In step 2, inlet and exit pressures , P2 at the impeller 2 and inlet f k]w rate Q are measured by 
respective sensors, and after a obtain time interval, another measurentent is done to obtain another data P^'. P2', Q'. 
In step 3, dPr/dQ is computed whk:h is a ratio off difference of Pr to that of Q, from the output data Pi, P2, Q, Pi*. P2'. 
35 Q'obtainedk^thesensors 11, 831,832. lnstep4,thevalueGffdPr/dQisexanriinedtoseeif ftexceedsalirnit(=0),and 
if it exceeds the limit in step 5. the inlet gukf e vane is examined if it can be moved further in dosing direction. If the inlet 
guide vane is at the limit in step 6. the operatk}n is stopped or warning is issued. When the inlet gukie vane is adjust- 
able, it is rru^ved towards the closing direction by a predeteriri^ 
repeat the subsequent steps. 

40 In step 4, if the value of dPr/dQ does not exceed the Gmit then, in step 8. head H is measured by pressure sensor 
813. Then, in step 9, it is checked to see that the head value is larger tfian the target value, and if it is YES. t^ 
is continued (step 1 0). If the head has not reached the target value, in step 1 1 , the rotational speed is examined to see 
if it exceeds a predetermined limit and if it is higher tfian the limit further increase is not possible, and the operation ts 
stopped or warning is issued in step 12. If the rotational speed is less tfian the limit, in step 13, it is increased by certain 

45 pitch rotation. The process is retumed to step 2 to repeat the subsequent steps. 

It has been found that the pressure ratio Pr is a useful operational parameter. Rgure 29 shows the results of trials 
in which the inlet gukie vane (IGV) at eittier 0 or 60 degrees, and the f tow rates are changed to study the effects of fk]w 
rates on the pressure ratia It was observed ttiat minute vi)rations t>egin at Q/Qref = 0.6 when the IGV angle is zero, 
and at Q/Qref = 0.4 when the IGV angle is 60 (Qref refers to the design fhsw rate). These results indicate tfmt wften 

so cfiangingtheoperationof the system from a steady state operation in the region of Q/Qref = 1 to a lower value, it is 
irrportantto monitatiie transition point by setting a limit dPrAdQ - 0 . and taking some remedial actions when tfus limit 
is exceeded. 

Figure 30 shows an example of a pattern cfiange during the operation of the turbomachinery according to the 
present entxxliment. Here, by setting the initial inlet gukJe vane angle at zero and the rotational speed of the impeller 
ss at No. gradual decrease in tiie f tow rate to Q/Qref =0.75 produces df^AJQ = 0 , thus making further operation impossi- 
ble (step 4). Therefore, the IGV angle is increased to 60 degrees (step 7). Here, it is found that the given rotational 
speed cannot provkie the target head value at the same ftow rate Q/Qref =0.75 (step 9). Therefore, the rotational 
speed was inaeased by 10 % (step 13) to N^, and it was found ttiat the required head value is obtained at thefk3w rate 
of Q/Qref =0.75 . It has ttujs been demon s trated that ttie pressure ratio Pr can provMe a qakk incfication off the operat- 
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ing condition of the system to enable the operating parameter to be adjusted to produce a stable operation. 

Figure 31 shows a second embodiment of the m^hod of operation, which utilizes a relative vetodty ratio Lc at the 
inlet and exit of the Impefler as an indicator of the operational status of the system. 

In this method, after initial setting instep 1, then in step 2. rotationa] speed N of the impener 2 and inlet flow rate Q 
5 are measured by respective sensors 1 1 . 12. In step 3. a relative velocity ratio (L^^W is^2 ) ^ ^ and exit of the 
impeller is computed accorcfing to the measured values and equations described below. In step 4. the value of the ratio 
is examined to see if it exceeds a predetermined Omit, and if it does, in step 5, it is examined whether the inlet guide 
vane 6 is ac(justable in the closing direction. If it is not adjustable, in step 6, the operation is stopped or warning is 
issued. If the inlet guide vane is adjustable, in step 7, it is moved in the direction of closing by a certain pitch angle. Then 
10 the process retunis to step 2 to repeat the sii>sequem steps. If the relalive velocity rafo 

H is measured in step 8. The following steps are the same with the case of Figure 28. and the explanation is omitted. 
The value of Lc in the above mettiod is obtained as follows. 

First, the peripheral speeds (U^s. Uzs) ^ the irrpeOer inlet and exit are obtained from the rotational speed of the 
inpeller. Next, the radial velocity component Cmg at the inrpeller exit is obtained from the following equation using the 
IS data of the flow rate Q produced by the flow sensor 1 1 . 

Cmg^Q/tiDgbgB (46) 

where D is the outer diameter of the impeller, bg is the exit width of the impeller. B is the blockage factor. The tangential 
20 velocity component Cu2 is obtained similarty. 

Cu2 = aU2 -Cm2COtP2 (47) 

where a is a slip factor. U2 is the per9>heral speed of the impeller exit and Pg is the Uade exit angle at the impeller in the 
2S tangential direction. 

From these values, the relative velocity ratio W2 at the impeller exit is obtained from the following equation. 

W2={Cm2^+(U2-Cu2)^}''^ (48) 

30 Next , the racfial velocity component Cm^ at the impeller inlet is obtained from the following equation using the data 
of the flow rate Q produced by the flow sensor 1 1 . 

Cm^ ^CVnDibiB (49) 

35 The relative velocity at the shroud of the irrpeller inlet is obtained from the following ec^on. 

W,s = {Cm, ^ +(Uis-CuO^}''^ (50) 

where. Cu^ is obtained from the angle of the inlet guide vane. 
40 Next the relative velocity ratio Ijc at the impeller inl^ is obtained from the following equation. 

lx = Wis/W2 (51) 

It has been found that the relative velocity ratio Lc thus obtained is a useful indcator of the operating condition of 
45 the impeller of the turtx>machinery. Figure 32 shows the results of flow rates and the relative velocity ratios by setting 
the initial settings of the inlet guide vane angle at 0 and 60 degrees. It can be seen that when the steady flow rate Q/Qref 
is decreased to below 0.6. the system c^ickly becomes unstable. In other words, caution must be exercised when the 
relative velocity ratio Lc = W ^ 3/W 2 becomes larger than 2. It indicates that, in step 3. Figure 31 , the limit for the Lc may 
be taken as 2.0, for exarrpla 

50 In the ennbodiments described in Figures 28 and 31 . it is also possible to adjust the diffuser vanes so as to generate 
an efficient flow in the diffuser. This method controls the diffuser vane according to a predetermined relationshf) 
t>etween flow rate and diffuser vane angle which is shown in Figure 14. That is, when the flw rate Q is larger tfian a 
certain value Qs(Qs/Qd ^ 0.7 ).(m^ vane angle is set as ot^. and when the flow rate Q is snialler than Qs^ 
as OL This process can be incorporated to the foregdng enfoodiments of Rgures 28 and 31 at the locations indicated 

55 by Mor exanipla 

Rgure 33 shows another ennbodiment of a single-stage centrifugal compressor which comprises a discharge valve 
27atd^charge pipe 5 and fourth drive controHer 28 connected to the coriputation device 21 for driving and controlOng 
the discf^e valve 27. Rgure 34 shows a flowchart for controlling the tuibomachlnery of the embocfiment where ratio 
dPr/dQ is actively obtained by acQusting the opening of the discharge valve and changing the load condition of the tur- 
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bomachineiy This is useful since, in the entxxliment of Figure 28, it is inpossbie under a certain load condition to 
compute the ratio t>ecause tfie difference is too small. 

Intheflcwchart at the initial setting of step 1. a targetflow rate Otis also input via inputting de^ 23. Instep 2. 
first measurement of inlet and exit pressures . Pa at the impeller 2 and inlet flow rate O is conducted. In step 3. Q is 
5 compared with If Q>Qt, then in step 4. the (fischarge valve 27 is closed ky/certa^ if Q^Qt then in step 

5, the discharge valve 27 is opened by certain pitch angle. Then the secorxJ measurement is conducted and, in step 6. 
ratio dPr/dQ is computed from the data P^ , P2, Q, Pi *. P2'. Q' ot>tained tfirough two measurements. The foOowing proc- 
ess is the same with the case of Figure 28 and explanation is omitted. 

In this embocfiment, it is possible to estimate the degree of stability of the flow in the impeller 2, t>y intentionally 
10 chan^ng the load, which can predict the unstable coridition at earlier stages!^ In this embodiment, it is also 

possible to adjust the diffuser vanes as explained above. In the above embodiments, a plurality of drive controllers are 
provided for each function, wfiich can be constructed in one device. 

It should t>e noted that the objects and advantages of the invention may be attained by means of any compatft)le 
oombination(s) particularly pointed out in the items of the following summary of the invention arxJ the appended daims. 

IS 

SUMMARY OF THE INVEfMnON 

1 . A turtx)machinery with variable-angle flow guding device comprising: 

20 an impeller; variable-angle diffuser vanes; a drive control means for maintaining said diffuser vanes at a setting 

angle which is ot)lique by a selected attack ang^e to an exit flow angle at the exit of said impeller. 

2. A tuitx)machinery wherein a flow angle detection means is provided to measure said f bw angle, and said drive 
control meare determines said setting angle of diffuser vanes based on said exit flow angle obtained through direct 

25 or incfirect measurement 

3. A turtx}machinery further comprising operating parameter rTx>nitoring means for monitoring at least one of the 
parameters selected from the parameter group consisting of fluid pressure, flow velocity, temperature and vibration 
wherein said setting angle of diffuser vanes is adjusted by estimating a deviation angle fonmed k)etween said flow 

30 angle and said setting angle of diffuser vanes, in accordance with output data fr 
rtoring means. 

4. A turtx>machinery wherein said attack angle is selected so as to generate a maximum lift coefficient for a diffuser 
vana 

35 

5. A turtx>machinery wherein at flow rates higher than a reference flow rate, said setting angle of cfiffuser vanes is 
controlled to maintain an optimum attack angle of drfhjser vanes with respect to said exit flow amgle; and at flow 
rates lower tfian said reference flow rate, a pressure monitoring means for computing pressure fluctuations is used 
to enable said setting angle of diffuser vanes to t>e adjusted to maintain fluctuation in pressure values below a 

40 tfveshold value or to produce a minimal fluctuatkxi in pressure values. 

6. A turtxxnachinery with variat)le-angle flow guiding device comprising: 

an impeller; diffuser vanes; 

45 parameter monitoring means for monitoring inlet flow volume rates or an operational parameter of the turtxmia- 

chinery or a drive source thereof, said operational parameter being correlative to the inlet flow volume rates; 
and 

a control means for controlling a settirtg angle of diffuser vanes in accordance with a sum of a first angle and 
a second angle wherein said first angle is a fluid flow angle obtained from a predetermined relation k)etween 
so flow angles at an exit of said impeller and inlet flow volume rates or other operational parameter measured 

a monitoring means, and said second angle is an angle equivalent to an angle of attack. 

7. A turtxHiiachinery wherein said predetermined relation between flow angles at an exit of said impeDer and inlet 
flow volume rates is an approximately linear relation. 

ss 

8. A turtx)machinery wherein a slope of said predetermined relation is dependent on a rotational speed of said 
impeller. 

9. A turtx>machinery wherein said control device adjusts a rotational speed of said turtxxnachinery when cfianges 
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in diffuser vane angles do not generafte a desired vahie of 

10. A turbonnachinefy wherein said control device adjusts an angle of said inlet guide vanes when changes in dif- 
fuser vane angles do not generate a desired value off head coefficient 

5 

11 . A turtx>nfiachinery wherein data of said sum of said first angle and said second angle oorrespon(£ng to said inlet 
flow volume rates or other operational param^er measured by said monitoring means are menvxized in said con- 
trol means. 

10 12. A 1uitx>machinery with variable-angle flow guiding device comprising: 
an impeller; diffuser vanes; 

parameter monitoring means for monitoring inlet flow volume rates or an operational parameter of the turtxxna- 
chinery or a drive source thereof, said operational parameter being correlative to the inlet flow volume rates; 
IS and 

a control means for controlling a setting angle of diffuser vanes in accordance with a sum of a first angle and 
a second angle wherein said first angle is a fluid flew angle obtained from a relation between flow angles at an 
exit of said inpdler arxi inlet flow volume rates or other operational parameter measured by a monitoring 
means, and said second angle is an angle equivalent to an angle of attack, wherein said relation is given by an 
20 equation: 

a = arctan{Q/(KiN-K2Q)) 

wherein a is the flow angle; Q is the inlet flow volume rate; is a constant given by (nD2)^ot)2B; K2 is a con- 
25 slant given by ootP2. a is a slip factor. Bis a blocl^e factor; N is the rotatiortal speed, P2 is the blade exi^ 

of the impeller in the tangential direction, and D2 is the impefler outer diameter. 

13. A tui1x»nachinery with varial)le-angle flow guiding device comprising: 

30 an impeller; diffuser vanes; 

parameter monitoring means for nwdtoring inlet flow volume rates or an operational parameter of the turboma- 
chinery or a drive source thereof, said operational parameter being correlative to the inlet flew volume rates; 
a rotation speed sensor for detecting rotation speed of said turtx>machinery; and 

a control means for controlling a setting angle of diffuser vanes in accordance with a sum of a first angle and 
3S a second angle wherein said first angle is a fluid flow angle obtained from a predetermined relation between 

flow angles at an exit of said impeller and inlet flow volume rates or other operating parameter measured by a 
monitoring means, and said second angle is an angle equivalent to an angle of attack, wherein said predeter- 
mined relation is given by an equatk>n: 

40 arctan {Q/CK^N-K^Q)} 

wherein a is the flow angle; Q is the inlet flow volume rate; is a constant given by (7iD2)^ot>2B; K2 is a con- 
stant given k)y cot^, a is a slip factor. B is a blockage factor ; N is the rotational speed, P2 *s Uade exit angle 
of the impeller in the tangerrtial direction, and D2 is the impeller outer diameter. 

45 

14. A turtx>machinery with variabie-angle fkiw guiding devk:e comprising: 
an impeller; diffuser vanes; 

paranrieter nrxxiitoring means for nionitoring inlet f taw volume rates or an 
50 chinery or a drive source thereof, said operational parameter being correlative to tfie inlet flew volume rates; 

pressure monitoring means for nrxxiitoring inlet and esdt pressures; and 

a control nrmans for controlling a setting angle of diffuser vanes in accordance vrith a sum of a first angle and 
a second angle wherein said first angle is a fluid flew angle ot^tained from a predetemrdned relation t>etween 
flow angles at an exit of said impeller and inlet flew volume rates or other operating parameter measured k>y a 
55 monitoring means, and said second angle is an angle equivalent to an angle off atlacK wherein said first angle 

is conrputed from an equatkm : 

a = arctan[(1/P ,) ^''^ • Q/IK, NKI/P ^'"^ • K2Q}] 
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. wherein a is a flow angle; Q is an inlet f bw volume rate; P/isa ratio of pressures at inlet and exit; is a con- 
stant given by (7iD2)^ab2B; K2isaconstantg!vent>yootP2. aisaslipfoctor, Kisaratioof specfficheats;Bis 
a blockage factor; N is a rotational speed, P2 is a tangential flew angle from the inpeller, and is an impeller 
outer diameter. 

5 

15. A turbomachinery with variaUe-ang^e flow guiding device comprteing: 
an impeller; diffuser vanes; 

parameter monitoring means for monitoring inlet flow volume rates or an operational parameter of the turtx>ma- 
10 chinery or a drive source thereof, said operational parameter t)eing correlative to the inlet flow volume rates; 

a rotation speed sensor fa detecting rotation speed of said turtx)machinery; 
pressure monitoring means for monitoring inlet and exit pressures; and 

a control means for controHtng a setting angle of diffuser vanes in accordance wnth a sum of a first angle and 
a second angle wherein said first angle is a fluid flow angle obtained from a predetermined relation between 
IS flow angles at an exit of said inpeller and inlet flow volume rates or other operating parameter measured \3y a 

monitoring means, and said second angle is an angle equi^ent to an angle of atlacK wherein said first angle 
is computed from an equation: 

a = ardanlO/Pr) ^''^ • Q/{Ki N-(iyP r) ^'"^ • KgQ)] 

20 

wherein a is a f bw angle; Q is an inlet f bw volume rate; Pr ^ a ratio of pressures at inlet and exit; is a con- 
stant given by (7cD2)^ot>2B; K2 is a constant given by cotpg, a is a slip factor, k is a ratio of specific heats; B is 
a blockage factor; N is a rotational speed. P2 is a tangential flow angle from the impeller, and D2 is an impeller 
outer diameter. 

2S 

16. A turbomachinery with fbw guiding device comprising: 
variable-angle inlet guide vanes and variable-angle diffuser vanes; 

parameter nx)nitoring means disposed on a fluid machine body or an accompanying pipes accompanying said 
30 turbomachinery; 

data input means for inputting target operating parameters; 

computation processor means comprising inlet guide vanes angle computation section for computing a setting 
angle in accordance with measured inlet flow volume rate arxi head coefficient so as to achieve target operat- 
ing paranrieters, and a fluctuation evaluation section for computing fluctuation values in operating parameters 
35 during a measuring interval of time based on measured operating parameters and for comparing confuted 

fluctuation values with a predetermined reference value; 

a first drive control device for orienting said inl^ guide vanes to a corrputed angle; and 

a second drive control device for setting said diffuser vanes so that said operating parameters would not 

exceed a threshold valua 

40 

1 7. A tuitxxnachinery wherein said computation processor means determines said setting angle for said inlet guide 
vanes in accordance with a point of intersection of a parametric curve, relating reference fbw rate/jxessure, with 
an operating cane passing through a target operating point 

4S 1 8. A turbomachinery wherein said smafl measuring interval of time is based on a minimum necessary time interval 
for annulling effects of fluctuation values in operatnig parameters caused by blades of said impeller. 

1 9. A turtxxnacfiinery wherein said fluctuation values are given by standard deviation of said operating parameters 
obtained during a sampling duration selected from said small measuring interval of time. 

so 

20. A turtxxnachinery wherein said sampling duration is based on a minimum necessary time interval for annulling 
effects of fluctuation values in operating parameters caused by blades of said impeller. 

21. A turtxNTiachinery wherein said data input device is capable of selecting said small measuring interval of time 
55 and sampling duration. 

22. A turtx)machinery wherein said second drive control device is capable of controlling a degree of opening of 
either oneorbofliof aninletvalveoranexitvalva 
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23. A turtx)machinery wherein rotational speeds of said inpeller are controlled so as to niaintain fluctuation values 
to t>e not more than a threshold value. 

24. A tuitx>niachinery wherein said inlet guide vane and said diffuser vanes are adjusted altematingly so as to 
maintain fluctuation ^ues at a target operating parameter to k>e not more than a predetermined threshold valu& 

25. A method of oontrolfing an operation of a turtxmiachinery having Inlet guide vanes and Impellers corrprising the 
steps of: obtaining current operating data through sensors arranged within said tuitx>machinery; computing a 
parameter representing a degree of stability of the flow within said impeller based on said current operating data; 
and adjusting the angle of said inlet guide vane and rotational speed of said irnpeller s^ 

tained within a predetermined range and the flow rate value and the head value measure bf said sensors satisfy 
respective required value. 

26. A controlling method wherein said operating parameter is a ratio of fluid velocity at the inlel and exit of said 
impeller. 

27. A controlling method wherein said operating parameter is a rate of change of a ratio of fluid pressure at ttie inlet 
and exit of said impeller with respect to a flow rata 

28. A controlling metfiod wherein said turbomachinery comprises a (fischarge valve provided at a discharge pfpe 
of said turtxxnachinery for adjusting quantity of a (fischarged fluid, wherein said rate of change is otitained by 
changing the opening of said discharge valve. 

29. A controlling method wherein said turtximachinery comprises a diffuser and variable diffuser vanes, further 
comprising tfie step of adjusting arigles of said cOffuser vanes at an ariglewtiere the flow within said cfiffi^ 
stable at a measured flow rata 

30. A turtx)machinery having Inlet guide vanes and impellers comprising: sensors arranged within said turtxxna- 
chinery for obtaining current operating data: and a controlling device for computing a parameter representing a 
degree of statMlity of the flow within said impeller based on said cunrent operating data, and adjusting the angle of 
said Inlet guide vane arvJ rotational speed of said inrpeller so that said parameter is maintained within a predeter- 
mined range and the flew rate value and the head value measured t>y said sensors satisfy respective required 
value 

Claims 

1 . A turtx)machlnery with variable-angle flow guiding device corrprising: 

an impeller; variable-angle diffuser vanes; a drive control means for maintaining said diffuser vanes at a setting 
angle wtuch is oblique by a selected attack angle to an exit flew angle at the exit of said impeller. 

2. A turtxxnacNnery as claimed in daim 1. wherein a flow angle detection means is provided to measure said flow 
angle, and said drive control means determines said setting angle of diffuser vanes based on said exit flow angle 
obtained through direct or indirect measurement, further preferably comprising operating parameter monitoring 
means for monitoring at least one of the parameters selected from the parameter group consisting of fluid pressure, 
flow velocity, temperature and vibration wfierein said setting angle of diffuser vanes is adjusted k>y estimating a 
deviation angle formed between said flow angle and said setting angle of diffuser vanes, in accordance with output 
data from said operating parameter monitoring means, wherein preferatsly said attack angle is selected so as to 
generate a maximum Bft coefficient for a diffuser vane, and wherein preferably at flow rates higher tfian a reference 
flow rate, said setting angle of diffuser vanes is controlled to maintain an optimum attack angle of diffuser vanes 
with respect to said exit flow amgle; arvf at flow rates lower than said reference fkiw rate, a pressure monitoring 
means for computing pressure fluctuatkxis is used to enable said setting angle of diffuser vanes to be adjusted to 
maintain fluctuation in pressure values below a threshold value or to produce a minimal fluctuation in pressure val- 
ues. 

3w A tuibomacfiinery with variablenangle f tew guiding device comprising: 
an impeller; diffuser vanes; 

pararneter inonitoring mearis fa nx>nitoring inlet flow vdume rates or an oper^^ 
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chinery or a drive source thereof, said operational parameter t>eing correlative to the inlet flow volume rates; 
and 

a control means for controlling a setting angle of diffuser vanes in accordance with a sum of a first angle and 
a second angle wtierein said first angle is a fluid flow angle obtained from a predetermined relation between 
5 flow angles at an exit of said impeller and inlet flow volume rates or other operational parameter measured by 

a monitoring means, and said second angle is an angle equivalent to an arigle of attack. 

4. A turbomachinery as daimed in daim 3, wherein said predetermined relation between flow angles at an exit of said 
impeller and inlet flow volume rates is an approximately linear relation. . wherein preferably a slope of said prede- 

10 termined relation is dependent on a rotational speed of said impefler. . wherein preferably said oontrol device 
adjusts a rotational speed of said turbomachinery when changes in diffuser vane angles do not generate a desired 
value of head coeffldent , wfieran preferatsly said control device adjusts an angle of said inlet guide vanes wtien 
changes in diffuser vane angles do not generate a desired value of head coeff iderrt and . wherein preferat>ly data 
of said sum of said first angle and said second angle correspondng to said inlet flow volume rates or other opera- 

IS tional parameter measured by said monitoring means are memorized in said control means. 

5^ A turtxxnachinery with variak)le-angle flow guiding device corrprising: 
an inpeller; diffuser vanes: 

2Q parameter monitoring means for moratoring inlet flow volume rates or an operational parameter of the turtx>ma- 

chinery or a drive source thereof, said operational parameter being correlative to the inlet flow volume rates; 
and 

a control means for controlling a setting angle of diffuser vanes in accordance with a sum of a first angle and 
a second angle wtierein said first angle is a fluid flow angle otytained from a relation t)etween flow angles at an 
25 exit of said inpeller and inlet flow volume rates or other operational parameter measured by a monitoring 

means, and said second angle is an angle equivalent to an angle of attacK wherein sai^ 
equation: 

a cardan {Q/CK^N-KsQ)} 

30 

wherein a is the flow angle; Q is the inl^fbw volume rate; is a constant given by (7cD2)^ot}2B; K2isacon- 
stant given by cotPs. a is a sip factor, B is a blockage factor; N is the rotational speed, P2 is the blade exit angle 
of the impeller in 1t«e tangential direction, and [>2 is the impeller outer diameter. 

35 6. A turt)onriachinery with variat)lenangle flow guiding device conprisi^ 

an inpeller; diffuser vanes; 

parameter monitoring means for monitoring inlet flow volume rates or an operational parameter of the turt)oma- 
chinery or a drive source thereof, said operatk)nal parameter b&ng correlative to tfie inlet flow volume rates; 

40 a rotation speed serisa for detecting rotaAkxi speed of sakJturit)onr^^ 

a control means for controlling a setting angle of diffuser vanes in accordance with a sum of a first angle and 
a second angle wtierein said first angle is a fluid ftow angle obtained from a predetermined relatbn between 
flow angles at an exit of said inpeller and inl^ flow volume rates or other operating parameter measured by a 
nx>nitoring mearis. arxi said second angle is an angle equivalent to an angle of attack, wherein said predeter- 

45 mined relation is given by an equation: 

a»arctan{Q/(K^N-K2Q)} 

wherein a is the flow angle; Q is the Inlet flow volume rate; is a constant given t)y (icD2)^ot)2B; K2 is a con- 
so slant given t>y caX[^, a is a slip factor, B is a blockage factor ; N is the rotational speed, P2 *s blade exit angle 
of the impeller in the tangential direction, and D2 is the impeller outer diameter. 

7. A turbomachinery with variable-angle fkwv guding device oonrprising: 

55 an inpeller; diffuser vanes; 

parameter monitoring means for nxMiitoring inlet flow volume rates or an operational parameter of the turtx>ma- 
chinery or a drive source thereof, said operational parameter b&ng conelative to ttie inlet flow volume rates; 
pressure nKXiitoring means for monitoring inlet and exit pressures; and 

a control means for controlling a setting angle of diffuser vanes in accordance with a sum of a first angle and 
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a second angle wherein said first angle s a fluid flow angle obtained from a predetermined relation k>etween 
flow angles at an exit of said impeller and inlet flow volume fates or ottier operating parameter measured k>y a 
monitoring means, and said second angle is an angle equivalent to an angle of attack, wherein said first angle 
is computed from an equation: 

5 

a = aictanI(1/P ,) ^'"^ • Q/IK^ N-(1/P ,) ^'"^ • KjQ}] 

wherein a is a fbw angle; Q is an inlet flow volume rate; is a ratio of pressures at inlet and exit; is a con- 
stant given by {id^^l^abzB; K2 is a constant given ootP2. a is a sOp factor, k is a ratio of specif ic heats; B is 
10 a blockage factor; N is a rotattonal speed, p 2 is a tangential fkm angle from the impeller, and Dg is an impeller 

outer diameter. 

8. A turtxHnachinery wHh variable-angle flow guiding device comprising: 

IS an impeller; diffuser vanes; 

parameter monitoring means for monitoring inlet flow volume rates or an operational parameter of the turtxxna- 
chinery or a drive source thereof, said operational parameter being correlative to the inlet flow volume rates; 
a rotation speed sensor for detecting rotation speed of said turt)omachinery; 
pressure monitoring means for monitoring inlet and exit pressures; and 

20 a control means for controlling a setting angle of diffuser vanes in accordance with a sum of a first angle and 

a second angle wherein said first angle ^ a fluid flow ang^e obtained from a predetermined relation t>etw6en 
flow angles at an exit of said impeller and inlet flew volume rates or other operating paran^er measured tiy a 
monitoring means, and said second angle is an angle equivalent to an an^e of atlacK wherein said first angle 
is computed from an equation: 

25 

a = arctan[(1/P ,) ^'"^ • Q/{Ki N-(1/P r) ^'"^ • KgQ)! 

wherein a is a flow angle; Q is an Inlet flow volume rate; is a ratio of pressures at inlet and exit; is a con- 
stant given by (7iD2)^ot)2B; K2 is a constant given by cotp2. is a slip factor, k is a ratio of specific heats; B is 
30 a blockage factor; N is a rotational speed, p 2 >s a tangential ftow angle from the impeller, and D2 is an impeller 

outer diameter. 

9. A tuitxHnachinery with flow guiding device comprising: 

35 variable-angle inlet guide vanes and ^^able-angle diffuser vanes; 

parameter monitoring means disposed on a fluid machine body or an accompanying pipes accompanying said 
turtxxnachinery; 

data input means for inputting target operating parameters; 

computation processor means comprising inlet guide vanes angle computation section for computing a setting 
40 angle in accordance with measured inlet fkiw volume rate and head coefficient so as to achieve target operErt- 

ing parameters, and a fluctuatton evaluation sectkyi for computing fluctuation values in operating parameters 
during a measuring interval of time based on measured operating parameters and for comparing computed 
fluctuation values with a predetermined reference value; 

a first drive control devtee for orienting said inlet guide vanes to a computed angle; and 
45 a second drive control device for setting saki diffuser vanes so that sM operating parameters would not 

exceed a threshokJ valua 

10. A turtx>machinery as claimed in daim 9, wherein said computation processor means determines said setting angle 
for said inlet gukle vanes in accordance witti a point of intersection of a parametric curve, relating reference flow 

so rate/jpressure, with an operating curve passing through a target operating point 

11. A turbomachinery as claimed in daim 16. v^erein said smaD measuring interval of time is based on a minimum 
necessary time interval for annulling effects of fluctuation values in operating parameters caused t>y blades of said 
impeller, and , wherein preferably saki fluctuation values are given by standard deviatk)n of said op^^ 

55 eters obtained during a sampling duration selected from sakI small measuring interval of time. , wherein preferably 
saki sampling duration is based on a minimum necessary time interval for annulling effects of fluctuatkKi vahjes in 
operating parameters caused by blades of said impeller. . wherein preferably said data input device is capatsle of 
selecting saki small measuring interval of time and sampling duration, .wherein preferat)ly saki secorxJ drive control 
device is capat)le of controlling a degree of opening of either one or botti of an inlet valve or an exit valva , wherein 
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preferably rotational speeds of said irrpeaer are controlled so as to maintain fluctuation values to be not more than 
a threshold valua » wherein pr^erably said inlet guide vane and said cfiffuser vanes are adjusted alternatingly so 
as to maintain fluctuation values at a target operating parameter to be not more than a predetenmined threshold 
value. 

12. A method of controlling an operation of a turtx)machinery having inlet guide vanes and impellers comprising the 
steps of: obtaining current operating data tfuough sensors arranged within said turtx>machinery; computing a 
parameter representing a degree of stat>aity of the flow within said impeller t>ased on said current operating data; 
and adjusting the angle of said inlet guide vane and rotational speed of said impeller so that said parameter is main- 
tained within a predetermined range and the flow rate value and the head value measure by said sensors satisfy 
respective required value. 

13. A controlling method as claimed in daim 12, wherein said operating parameter is a ratio of fluid velocity at the inlet 
and exit of said impeller , and . wherein preferably said operating parameter is a rate of change of a ratio of fluid 
pressure at the inlet and exit of said impeller with respect to a flow rata . wherein preferably said tuitxHrachinery 
comprises a discharge valve provided at a (fisd)arge pipe of said turtximachinery for adjusting quantity of a dis- 
charged fluid, wherein said rate of chartge is obtained t)y changing the opening of said discharge valve. . wherein 
preferably said turtx)machinery comprises a drffuser and variable drffuser vanes, further comprising the step of 
adjusting angles of said diffuser vanes at an angle where the flow within said diffuser is most stable at a measured 
flow rate. 

14. A turtxxnachinery having inlet guide vanes and impellers comprising: sensors arranged within said turtx>machinery 
for obtaining current operating data; and a corYtrolling device for computing a parameter representing a degree of 
stability of the flow within said impeller based on said current operating data, and adjusting the angle of said inlet 
guide ^e and rotational speed of said impeOer so that said param^er is maintained within a predetermined range 
and tfie flow rate value and the head value measured by said sensors satisfy respective required valua 
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THE DATA P„ P2, Q. 

p/. P2^ <r 



■0 



st7 




stIO 



STOP OPERATION OR 
ISSUE WARNING 



MOVE IGV BY A 
PREDETERMINED 
PITCH ANGLE 



Stil 



MEASURE 
BEAD H 



St12 



St 14 



CONTINUE 
OPERATION 



St 16 



STW» OPERATION 
OR ISSUE lARNING 




st17 



INCREASE ROTATION S>EED 
BY A PREDETERMINED PITCH 
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